The Japanese Space Agency's Hayabusa II mission is scheduled to rendezvous 2 with and return a sample from the near-Earth asteroid (162173) 1999 JU3.
1 Introduction this drop in S/N is likely caused by several effects. First, spectra A and B were 134 taken at solar phase angles less then 1
• (Table 1) operated in its high-throughput prism mode with a 0.8 x 50" slit. These set- individual exposures were obtained.
159
For both near-infrared spectrographs the slit mask was oriented along the par-160 allactic angle at the start of each observation to minimize the effects of atmo-161 spheric dispersion. As with the visible-wavelength spectra, solar analogs were 162 observed to correct for telluric absorption and to remove the solar spectrum 163 from the measured reflectance (Table 1) . Reduction of the SpeX data followed 
167
A composite visible/near-infrared spectrum of 1999 JU3 is shown in Figure   168 2. The asteroid is a C-type in the DeMeo et al. (2009) taxonomic system.
169
The visible portion is a weighted average of the six LDSS3 spectra in Figure   170 1. The near-infrared portion is a weighted average of the SpeX and FIRE 171 data, and thus represents a combination of data across multiple epochs. Other 172 than some variability in slope, no significant differences were seen amongst 173 the near-infrared spectra within the S/N of the data. adds to the scatter in the measured photometry.
227
The light curve in Figure 3 is not meant to be a more accurate determination. 
265
The rotational context for these spectroscopic data provides a test of our 266 observation and reduction techniques. Figure 3 shows that spectra A and F
267
were obtained at nearly identical rotation phases. The fact that these spectra other spectra.
293 Table 3 presents the two sets of predicted sub-observer latitudes and longitudes 294 for all visible-wavelength spectroscopic observations. Figure 5 illustrates the 295 sub-observer points predicted by the two shape models. Though these sub-296 observer points are not meant to be absolute and may change with future 297 improvements to the shape model, their relative separations are informative.
298
In particular, we are most interested in the distance that separates the sub- The ambiguity in shape models emphasizes that rotational information is not 320 correlated over multiple years. This is indicated by the horizontal bands in Fig-321 ure 5. The sub-observer points for those spectra with absorption features could 322 lie anywhere along these bands. This provides some freedom for the spectrally 323 anomalous regions to "hide" in the gaps between those sub-observer points cor-324 responding to featureless spectra. However, the sub-observer points for both 
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333
With the full visible/near-infrared spectrum (Figure 2) 
359
The two meteorite spectra with the lowest χ 2 values are shown in Figure   360 2. These meteorites are a thermally altered sample of the CM carbonaceous JU3 but showed a subtle 1 µm absorption band and thus is unlikely to be a 367 good analog.
368
The mean albedos of the two best-fit samples (6% for Murchison, 3% for Yam- best-fit spectra both correspond to the smallest available particle size sorting, temperatures on 1999 JU3 were significantly higher at some point in its past.
410
There is roughly a 50% probability that the chaotic orbital evolution of 1999 largely featureless asteroid spectra.
420
We have also presented a time series of visible spectra to address previously for systematic effects would be the cause of spectral variation across epochs.
426
The hemispherical footprints of our spectral observations cover nearly the en- 
441
A final explanation is that the surface of 1999 JU3 is in fact heterogenous.
442
In this case spectral variability could result from the obscuration of surface 443 regions by local topography as a consequence of changing viewing aspect.
444
However, the orbital longitudes of both the Earth and the asteroid were very et al. (2001a) ; V08 = Vilas (2008); letters A-F indicate the corresponding spectra in Figure 1 ], solar phase angle (α), and the sub-observer longitude and latitude. These data are presented for both shape models of 1999 JU3. Table 3 . The progressive decrease in signal-to-noise in spectra A-F is due to the opposition effect, increasing geocentric and heliocentric distances, and increasing background from a waxing moon. (Kawakami et al., 2010; Müller et al., 2011) . The circles are not meant to indicate the physical extent of the surface accessed by the observations. Black circles represent sub-observer points from our new 2012 observations and are labeled A-F. Grey circles represent sub-observer points for the observations from 1999 and 2007. The two spectra that display absorption features are indicated with hatched regions and labeled B (Binzel et al., 2001a) and V (Vilas, 2008) . Surface regions that produce absorption features must be limited in extent to avoid overlapping those corresponding to featureless spectra. The loss of rotational information across epochs (see text) suggests that the locations of these regions relative to the 2012 points could lie anywhere along the horizontal bands. This demands that any heterogeneity on the surface be confined to regions no more than a few hundred meters in extent. The sub-observer hemispheres for spectra A and F are so similar that they have been combined into a single dark blue region. The sub-observer points in Figure 5 would lie at the center of their respective regions. The Vilas (2008) and Binzel et al. (2001a) hemispheres are not plotted, but it is clear that they would almost entirely overlap with the regions here. Our spectra obtained hemispherical averages over a majority of the asteroid's surface, independent of which shape model is assumed, thus leaving little room for heterogenous regions that could produce prominent spectral absorption bands.
